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Introduction
It is well-known that persistent large-scale extratropical circulation anomalies such as the North Atlantic Oscillation (NAO) have a profound impact on the climate of populated areas such as Europe and North America (e.g. van Loon and Rogers, 1978; Hurrell, 1995) . Attempts have therefore been made to understand the mechanisms that drive extratropical atmospheric circulation anomalies. It is now widely accepted that a large part of the extratropical variability in the North Atlantic region is governed by internal atmospheric processes (e.g. Kushnir et al., 2002; Rowell, 1996) . This suggests that predictability of such anomalies is limited to a few weeks. There is observational and modelling evidence, however, that the atmosphere in the North Atlantic region is affected locally by sea surface temperature (SST) anomalies in the North Atlantic (e.g Czaja and Frankignoul, 1999; Rodwell and Folland, 2002; Rodwell et al., 1999; Latif et al., 2000) and remotely by tropical SST anomalies via atmospheric teleconnections (e.g. Fraedrich, 1994; Greatbatch and Jung, 2007) . Furthermore, it has been suggested that the Northern Hemisphere stratosphere may provide some additional memory which might increase monthly and seasonal forecast skill (e.g. Baldwin et al., 2003; Scaife and Knight, 2008) . However, the relative impact of the North Atlantic, the tropics and the extratropical stratosphere has yet to be assessed. In practice this is very difficult to diagnose.
In this study, which can be seen as an extension of the paper by Jung et al. (2008) , a diagnostic technique introduced-the so-called relaxation or nudging technique-which has the potential to help understand possible 'remote' influences in the generation of extratropical atmospheric circulation anomalies. Here, the relaxation technique, which has been widely used by the atmospheric science community on relatively shorter 'weather' time scales (Kalnay, 2003; Bauer et al., 2008) , will be illustrated for the special case of the cold European winter of 2005/06.
The anomalously cold European winter of 2005/06 makes an interesting case study for various reasons. Firstly, it was the coldest winter in Europe in about a decade (Scaife and Knight, 2008) , which was brought about by an increased frequency of occurrence of Euro-Atlantic blocking events. This increase manifested itself in, for example, the form of an anti-cyclonic anomaly in geopotential height fields at the 500 hPa level (hereafter Z500, Fig. 1a ). Secondly, most seasonal forecasting system showed some skill in predicting the anomalously cold temperatures several months in advance (Graham et al., 2006; Folland et al., 2006) suggesting that some external forcing rather internal atmospheric dynamics might have played a role. Thirdly, the anomalous atmospheric circulation giving rise to the cold European winter has been studied in some detail (e.g. Folland et al., 2006; Scaife and Knight, 2008; Croci-Maspoli and Davies, 2009) . Finally, the winter of 2005/06 was marked by the presence of a number of climate anomalies, both in the Northern Hemisphere extratropics and in the (f) U50 (Simmons et al., 2007), except for (d) which is based on estimates of outgoing longwave radiation from NOAA satellites (Liebmann and Smith, 1996) . tropics, which might explain the observed circulation Observed anomalies for the winter of 2005/06 and various different parameters are shown in Figure 1 . Evidently, the anomalously tropospheric circulation anomaly in the Euro-Atlantic region is accompanied by an anomalously weak vortex. This, along with results from numerical experiments in which a stratospheric perturbation is applied that mimics the observed stratospheric warming, led Scaife and Knight (2008) to conclude that the sudden stratospheric warming has contributed to the cold European winter of 2005/06. As mentioned above, numerous studies have argued that North Atlantic SST anomalies were crucial. Folland et al. (2006) , for example, point out that the statistical prediction scheme of Rodwell and Folland (2002) was successful in predicting the anomalously cold European winter and the physical basis of the Rodwell and Folland (2002) scheme includes North Atlantic SST anomalies affecting the atmospheric ciruclation as one key component. Although the Rodwell and Folland (2002) scheme employs SSTs in both the tropical and extratropical part of the North Atlantic, usually the role of the extratropics is highlighted though the so-called reemergence mechanism. Synoptic-dynamical diagnosis of the 2005/06 winter by Croci-Maspoli and Davies (2009) also points to the importance of North Atlantic SST anomalies (and surface temperatures over North America). Croci-Maspoli and Davies (2009) argue that the Euro-Atlantic region is sensitive to cloud-diabatic processes upstream which in turn is sensitive to near-surface temperature.
Closer inspection of Figure 1 reveals strong seasonal anomalies in the tropics. The winter of 2005/06 was marked, for example, by a La Niña event of moderate strength which had a marked impact on the outgoing longwave radiation (OLR) and the velocity potential at 200 hPa (χ 200 ). The so-called 'canonical' link between La Niña and the atmospheric circulation in the North Atlantic region (Fraedrich, 1994; Greatbatch and Jung, 2007) predicts a positive phase of the North Atlantic Oscillation (NAO), that is, the opposite of what was observed. Relatively strong negative SST anomalies are also to be found in the Indian ocean. These anomalies can explain the strong local atmospheric anomalies (i.e., reduced cloudiness). The modelling study of Bader and Latif (2003) finds that the warming of the Indian ocean in recent decades leads to an increased NAO via the jet stream wave guide, suggesting that Indian ocean SST anomalies can have an influence on the atmospheric circulation in the Euro-Atlantic region. Finally, strong tropospheric anomalies were also evident over South America, the tropical Atlantic and over North Africa, all of which, potentially, may have triggered a Rossby wave response over the North Atlantic (Hoskins and Ambrizzi, 1993) .
Finally, the winter of 2005/06 was marked by the negative phase of the Quasi-Biennial Oscillation (QBO, see Fig. 1f ). According to Holton and Tan (1980) , the negative phase of the QBO leads to a weakening of the Northern Hemisphere stratospheric polar vortex which in turn may lead to the negative phase of the NAO through 'downward propagation' of stratospheric anomalies (Baldwin and Dunkerton, 1999) . In fact, in a more recent study, Boer (2008) find a significant link between the phase of the QBO and the tropospheric circulation, especially in the North Atlantic region.
The paper is organized as follows. In the next section the relaxation technique and its use in the present study will be described in some detail. The Results section starts with a discussion of seasonal mean anomalies. In this context, the influence from the tropics will be studied in considerable detail. The influence from the tropics will then be compared with the role played by the Northern Hemisphere stratosphere. This is followed by a short discussion of possible extratropical-tropical interaction. The section on seasonal-mean circulation anomalies finishes with an investigation into the senstivity of results to details of the relaxation formulation. In the second part of the Results section, the intraseasonal evolution during the 2005/06 winter will be dicussed. In this context, the origin of the sudden stratospheric warming in January 2006 will be discussed in some detail. The paper closes with a discussion of results.
Methodology
The numerical experimentation carried out in this study is based on a recent version of the ECMWF atmosphere model (cycle 32R1 used operationally from 5 June to 5 November 2007). All forecast experiments use a horizontal resolution of T L 95 (linear Gaussian grid ≈ 1.85 o × 1.85 o ) and employ 60 levels in the vertical. About half of the levels are located above the tropopause (Untch and Simmons, 1999) extending up to 0.1 hPa. All experiments were carried out using observed lower boundary conditions (SST and sea ice). Aspects of the model's performance are discussed elsewhere (Jung, 2005; ).
In order to understand the origin of the anomalously cold winter of 2005/06, a large number of seasonal forecast experiments with and without relaxation have been carried out. The experiment without relaxation constitutes the control integration (CNT hereafter). The control integration is used to understand the rolf of SST and sea ice anomalies. In the relaxation experiments the model is drawn towards ERA-Interim reanalysis data (Simmons et al., 2007) during the course of the integration; this is achieved by adding an extra term of the following form to the ECMWF model:
The model state vector is represented by x and the reference field towards which the model is drawn ( In order to allow for an effective localization, the relaxation was carried out in grid point space. When applying masks to localize the relaxation, care has to be taken in order to reduce adverse effects close to the relaxation boundaries. Here the transition from relaxed to non-relaxed regions in the horizontal is smoothed using the hyperbolic tangent. The smoothing is such that the relaxation coefficient λ goes from λ 0 to zero within a 20 o belt, both in longitude and latitude. Boundaries stated in the text refer to the centre of the respective 20 o belt. In order to reduce the generation of spurious potential vorticity features, changes of λ are also smoothed in the vertical. Here, the relaxation coefficient effectively goes from λ 0 to zero in a vertical layer encompassing about 13 model levels (see Tab. 1 for actual values of λ at various heights).
For each control and relaxation experiment a separate calibration run covering winters of the period 1990/91 to 
stratosphere † * Actual strength of the relaxation at 500, 200, 50 and 20 hPa is approximately λ 0 · 0.999, λ 0 · 1.8 · 10 −2 , λ 0 · 8.3 · 10 −7 and λ 0 · 1.5 · 10 −8 hrs −1 , respectively. † Actual strength of the relaxation at 500, 200, 50 and 20 hPa is approximately λ 0 · 1.1 · 10 −7 , λ 0 · 2.3 · 10 −6 , λ 0 · 1.8 · 10 −2 and λ 0 · 0.5 hrs −1 , respectively.
2005/06 was carried out in order to obtain the model's climatology. These integrations were started at 12UTC on 15 November. For the winter of 2005/06 a set of seasonal ensemble forecasts with and without relaxation was carried out using a lagged approach. The ensembles were generated by starting forecasts in 6-hourly intervals from 12 UTC on 16 November to 12 UTC on 20 November 2005 giving a total of 17 ensemble members. Throughout this paper 'anomalies' refer to departures of the ensemble mean or ensemble members from the climate of the model obtained from the calibration run. A summary of all seasonal forecast experiments along with their abbreviations is given in Table 1 .
Results

Seasonal-mean diagnostics
Tropical versus stratospheric influences
Observed Z500 anomalies for the 2005/06 winter are shown in Figure 2 alongside corresponding anomalies for the control experiment with observed SST/sea ice (CNT), the tropical relaxation experiment (TROP) and the experiment with relaxation of the Northern Hemisphere stratosphere (NH-S). Figure 2b shows that prescribing the observed SST/sea ice fields is not sufficient to reproduce the observed circulation anomalies in an esemble mean sense, especially over North America, the North Atlantic and Europe. The Z500 response produced by TROP is highly significant and resembles the negative phase of the Arctic Oscillation/North Atlantic Oscillation (AO/NAO) (Thompson and Wallace, 1998; Walker, 1924) . The influence of the Northern Hemisphere stratosphere, NH-S, on Northern Hemisphere Z500 anomalies is weaker and different in terms of its spatial structure compared to that from the tropics. The Northern Hemisphere Z500 response for NH-S shows only weak resemblance with the AO/NAO-like response expected to arise from the 'downward propagation' of polar vortex anomalies (e.g. Baldwin and Dunkerton, 1999; Ambaum and Hoskins, 2002; Jung and Barkmeijer, 2006) . Rather, NH-S locally leads to a significant anti-cyclonic circulation anomaly in the eastern North Atlantic.
So far, the results suggest that primarily the tropical anomalies and secondarily the anomalously weak stratospheric polar vortex contributed to the tropospheric circulation anomalies observed during the 2005/06 winter. Figure 3 shows observed 50 hPa geopotential height (Z50) anomalies; also shown are ensemble mean anomalies for CNT and TROP. The Z50 anomalies produced by NH-S are very similar to the observations (not shown). CNT shows weak and non-significant Z50 anomalies suggesting that the observed SST and sea ice anomalies have contributed little to the anomalously weak stratospheric polar vortex. The ensemble mean for TROP, on the other hand, produces a weakened stratospheric polar vortex, with an anomaly which is stronger than observed. As mentioned above, inspection of the individual ensemble members (not shown) suggests that the stratospheric response to a tropical forcing is consistent with the observations. These results highlight that the anomalously weak stratospheric vortex during the 2005/06 winter might have actually been forced from the tropics fails to reproduce the observed χ 200 anomalies. Given that CNT fails to reproduce the observed Z500 anomalies over the Northern Hemisphere (Fig. 2b) , it can be concluded that La Niña was not responsible for the extratropical response suggesting that the cause of the anomalous European 2005/06 winter lies outside the central tropical Pacific region. The fact that TROP, which shows a stronger and more realistic extratropical response, captures the observed χ 200 anomalies very well, shows that the tropical relaxation is efficient in imposing the observed tropical anomalies.
Further exploring the tropical influence
As mentioned in the Introduction, the 2005/06 winter was marked by the easterly phase of the QBO. Consistent with the observational study by Holton and Tan (1980) the negative phase of the QBO during the winter 2005/06 is associated with an anomalously weak stratospheric polar vortex (Fig. 5a ). Interestingly, CNT is able to simulate the easterly phase of the QBO; CNT fails, however, to produce the observed weakening of the stratospheric polar vortex (Fig. 5b) . A more detailed investigation reveals that CNT simulates the observed QBO structure by persisting the anomalous initial conditions throughout the whole winter (not shown). Persistence of QBO anomalies has been found in relatively low-resolution versions of the ECMWF model before (Branković et al., 1994) . At the first glance the results for CNT suggest that the Holton-Tan mechanism was not crucial during the 2005/06 winter. However, it is worth pointing out (i) that the QBO in CNT weakens throughout the 3-month period leaving it rather week by the end of the winter when it might have mattered most and (ii) that the error associated with the missing downward propagation matters, especially by the end of the winter 2005/06 (not shown). An alternative explanation is that the Holton-Tan mechanism does work in CNT but is obscured by other signals of tropospheric origin (see below). After having established the crucial role of the tropics for explaining the anomalous atmospheric circulation over large parts of the Northern Hemisphere during the 2005/06 winter, the question arises which region of the tropical atmosphere contributed to the extratropical forcing. First, the forcing associated with the tropical troposphere is separated from that associated with the tropical stratosphere. Such an approach seems physically reasonable given that different processes are likely to be crucial for explaining the observed anomalies in these two parts of the tropical atmosphere. This notion is further supported by the fact that relaxation of the tropical troposphere only (TROP-T) has a negligible impact on the tropical stratosphere (in terms of zonal mean zonal wind anomalies, not shown); similarly, relaxation of the tropical stratosphere (TROP-S) has a very small impact on the tropical troposphere (in terms of χ 200 anomalies, not shown). Figure 6 shows the extratropical response for TROP-T and TROP-S in terms of Northern Hemisphere Z500 anomalies. In the Euro-Atlantic region, the tropical tropospheric influence is larger than that of the tropical stratosphere. Over the north-west North Pacific, on the other hand, tropospheric and stratospheric influences seem comparable.
Whereas the QBO seems crucial for explaining the role of the tropical stratosphere, the presence of multiple anomalies in the tropical troposphere makes it more difficult to indentify the relevant tropospheric physical processes. In the following an attempt is made to pinpoint the origin of the extratropical circulation anomaly regionally by relaxing different regions of the tropical troposphere. Here, the focus will be on three regions (compare It is worth pointing out that the experiments with spatial localization in the tropical troposphere have to be interpreted carefully. This is because relaxation in a certain region of the tropical troposphere is likely to have an indirect effect on other tropical regions as well. This is particularly true for seasonal integration in which the atmosphere has time to adjust to the forcing applied by carrying out the relaxation.
Extratropical forcing of tropical anomalies
So far, the focus has been on tropical-to-extratropical interactions. In order to correctly assess cause and effect it is crucial to study possible extratropical-to-tropical interactions as well. In fact, it is well-known that the the tropics respond to an extratropical forcing (e.g. Kiladis and Weickmann, 1992; Hoskins and Yang, 2000 ; 
Sensitivity Experiments
As mentioned in the Methods section, the tropical relaxation experiment, TROP, has its northern relaxation boundary at 20 o (with a transition zone covering 10 o on either side). Synoptic studies of the sudden stratospheric 
Figure 7: Geopotential height anomalies at the 500 hPa level (contour interval is 20 m) for the period 1 December 2005 to 28 February 2006: (a) TROP-T/30-90E, (b) TROP-T/150E-120W and (c) TROP-T/90W-0. Results are based on ensemble mean data. Statistically significant differences (at the 95% confidence level) in (b)-(d) are hatched.
warming (SSW) in January 2006 show that tropospheric precursor waves in the North Atlantic extended partly into the subtropics (Coy et al., 2009; Nishii et al., 2009) . In order to ascertain that the origin of the anomalous circulation in the Euro-Atlantic region is truly of tropical origin another tropical relaxation experiment has been carried out in which the relaxation boundaries have been moved equatorward to 10 o S and 10 o N, respectively. The same latitudinal smoothing is applied as in the other experiments. Restricting the tropical relaxation to the tropical belt 10 o S-10 o N yields a very similar Z500 response to TROP over the Northern Hemisphere (compare Figs. 2c and 8a) confirming the importance of the tropics. The choice of the relaxation coefficient (λ 0 = 0.1 hrs −1 in this study) is somewhat arbitrary. Therefore, it is important the test whether the conclusions of this study depend on the exact choice of λ . Figure 8b shows Z500 anomalies for a tropical relaxation experiment (20 o S-20 o N) with λ = 0.01 hrs −1 . Evidently, neither the spatial structure nor the magnitude of the Z500 response is strongly affected by the exact choice of λ 0 (compare Figs. 2c and 8b) .
One might argue that some of the results presented in this study may depend on the model used to carry out the experiments. In order to address this issue the two experiments CNT and TROP have been repeated using the more recent model version 33R1, which has been used operationally at ECMWF from 3 June to 29 September 2008. Compared with model version 32R1, on which most of the experimentation presented in this study is based, model version 33R1 comprises substantial changes to almost every part of the ECMWF physics package (Bechtold et al., 2008; ). Figure 9 shows Northern Hemisphere Z500 anomalies for CNT and TROP based on ECMWF model version 33R1. The results are very similar to the ones obtained with the older model version (Fig. 2b,c) showing that the conclusions of this study are not overly sensitive to the model formulation employed.
Intraseasonal evolution
So far, the focus has been on seasonal-mean fields for the whole winter. The 2005/06 winter was marked, however, by large intraseasonal changes particularly in the Northern Hemisphere stratosphere. Nishii et al. (2009) , for example, pointed out that the zonal-mean polar night jet weakened gradually from late December and then rapidly became easterly at the end of January. Therefore, taking the seasonal evolution of circulation anomalies into account rather than focussing solely on seasonal-mean anomalies should help to illuminate what happened during the 2005/06 winter.
-400. The observed temporal evolution of the strength of the stratospheric polar vortex during the 2005/06 winter can be inferred from Figure 10 (black). Here the strength of the stratospheric polar vortex is defined by areaaveraged Z50 anomalies north of 70 o N. The control integration, CNT, shows some interesting intraseasonal variability: The first half of the winter is marked by an anomalously weak vortex in agreement with the observations; during the second half, however, the stratospheric polar vortex in CNT gradually intensifies rather than weakens as shown by the observations. The experiment TROP shows a gradual increase of the strength of the polar vortex throughout the winter. Inspection of the individual ensemble members (not shown) for TROP (also TROP-T and TROP-S) reveals that the observations lie within the ensebmle throughout the whole winter; in contrast, the CNT ensemble clearly fails to capture the observation towards the end of the winter (not shown).
As mentioned above the 2005/06 winter was marked by strong circulation anomalies in both the tropical troposphere (e.g., La Niña) and the tropical stratosphere (easterly phase of the QBO). In order to disentangle the response to tropical tropospheric forcing from tropical stratospheric forcings the temporal evolution of the stength of the stratospheric polar vortex is considered separately for TROP-T and TROP-S. During the first half of the 2005/06 winter both TROP-T and TROP-S show a moderately weak stratospheric polar vortex ( Figure  10 ). For TROP-S the stratospheric polar vortex remains moderately weak throughout the second half of the winter; for TROP-T, on the other hand, the stratospheric polar vortex further weakens during the second half of the winter due to an increased frequency of occurrence of stratospheric warmings (not shown). In summary, observed anomalies in the tropical stratosphere led to a more or less constant weakening of moderate strength through the winter. Observed anomalies in the tropical troposphere, however, have to be considered in order to explain the stratospheric warming that occurred in January 2006. (Figs. 11a and 12a ). For the former the observed Z500 anomalies changed sign from early to late winter; and for the latter the tropospheric circulation was rather persistent. Interestingly, the reversal of the anomalies in the North Pacific are captured by all experiments including CNT. In order to get a realistic representation of the strong persistence of the Z500 anomalies in the Euro-Atlantic region, on the other hand, it is necessary to relax the tropical atmosphere (Figs. 11 and 12 ). Perhaps not too surprisingly, the tropospheric response in the Euro-Atlantic region in NH-S is most pronounced during late winter when the stratospheric circulation was most anomalous.
As mentioned in the Introduction, La Niña conditions prevailed in the eastern tropical Pacific during the 2005/06 winter. The typical extratropical atmospheric reponse to a cold SST anomlies in the central and eastern tropical Pacific, resembling the negative phase of the Pacific North America (PNA) pattern, can be found only during late winter (Fig. 12) . The atmospheric La Niña response is especially clear for CNT and NH-S. For TROP the atmospheric La Niña response is somewhat obscured by the presence of other circulation anomalies over the Northern Hemisphere.
The negative PNA response in late winter in CNT could explain why the strength of the stratospheric polar vortex increases in CNT during the second half of the 2005/06 winter. In fact, from diagnosis of observational data it has been found that La Niña-type conditions are associated with a strengthened stratospheric polar vortex (see Fig. 17 in Brönnimann, 2007) . One possible explanation is that the negative phase of the PNA leads to a reduction of the stationary planetary wave amplitude and, therefore, to a reduced slow-down of the stratospheric polar vortex through the reduced breaking of stationary planetary waves of tropospheric origin (Taguchi and Hartmann, 2006) .
To test the idea of a negative correlation between ENSO-related SST anomalies in the tropical Pacific and the strength of the stratospheric polar vortex more specifically for the ECMWF model, seasonal forecast experiments with the ECMWF model and La Niña-type diabatic forcing the experiments described in Greatbatch and Jung (2007) were diagnosed in more detail. Indeed it is found that a La-Niña-type diabatic forcing applied to the ECMWF model leads to a strengthening of the stratospheric polar vortex (not shown).
Discussion
Numerical experiments with the ECMWF model have been carried out in order to understand the origin of the atmospheric circulation anomaly that led to the anomalously cold European winter of 2005/06. In contrast with most other previous studies, which explain observed atmospheric circulation anomalies primarily in terms of SST anomalies in the extratropical North Atlantic (Graham et al., 2006; Folland et al., 2006; Scaife and Knight, 2008; Croci-Maspoli and Davies, 2009) , the relaxation experiments presented in this study clearly highlight the important role of the tropical atmosphere. Further experimentation suggests that the largest forcing came from the tropical troposphere in the region 90 o W-30 o E. Interestingly, this area does not cover the apparently most prominent tropical anomalies in the Indian ocean and the central Pacific. The easterly phase of the QBO also contributed to the observed circulation anomalies, especially in the Northern Hemisphere stratosphere. Scaife and Knight (2008) suggest that the January 2006 sudden stratospheric warming is likely to have contributed to the colder 2005/06 winter. While it cannot be excluded that the stratosphere might have increased the persistence of the cold spell, the results of this study suggest that the origin of the sudden stratospheric warming in January lies in the tropics; hence the stratosphere was not a primary cause for the cold winter.
Dynamical and statistical seasonal forecasts for the 2005/06 winter were relatively skilful. Previous studies have explained this relatively high level of skill in terms of North Atlantic SST anomalies (Graham et al., 2006; Folland et al., 2006; Scaife and Knight, 2008) . The results of this study provide an alternative perspective: good tropical forecasts, both for the stratosphere and especially the troposphere, were needed for accurate seasonal predictions.
As mentioned in the Introduction, most of the observed anomalies of the tropical troposphere can be explained by the underlying SST anomalies (Fig. 1) : Positive (negative) SST anomalies are accompanied by reduced (increased) OLR and anomalously strong (weak) divergent outflow at the upper troposphere. If the tropical troposphere was crucial in explaining the anomalously cold European winter, and the tropical tropospheric circulation anomalies were the response to SST anomalies, then the question arises as to why the control integration, with specified observed SST anomalies, fails to produce the observed extratropical response. The control integration does not provide an accurate forecast because it fails to show a realistic tropospheric response in that part of the tropics that mattered (South America, tropical Atlantic and West Africa, Fig. 4) . One possible explanation is that the ECMWF model fails to respond realistically to the imposed SST anomalies. An alternative explanation is that land rather than sea surface anomalies mattered-and the land surface conditions were not prescribed in the control integration. In fact, the largest χ 200 anomalies in the tropical area 90 o W-30 o E are found over land (Fig. 1e) . This conjecture could be tested in a future study by carrying out experiments with relaxation of land-surface parameters (e.g. Douville, 2003) . Diagnosing the realism of the response of the ECMWF model to SST anomalies is another important challenge that is left for future study.
For the results presented in this study we argue that the relaxation method is an important diagnostic technique which helps to understand possible 'remote origins' of seasonal mean anomalies. Unlike in prescribed SST experiments, where the atmospheric response has to be simulated by the atmospheric model and, hence, is prone to model uncertainty, the relaxation technique captures any SST-forced atmospheric response explicitly. The same technique has been applied to other prominent climate anomalies such as the European heat wave in summer 2003, the results of which will be reported in a forthcoming paper.
